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Introduction {#sec005}
============

Adequate sensory experience is essential for the developing central auditory nervous system. Reduced auditory input, early in life, may affect listening abilities later in life \[[@pone.0232839.ref001]\]. Otitis Media with effusion (OME) is a common disease, which produces a persistent or fluctuant mild conductive hearing loss that is characterized by fluid in the middle ear with no symptoms of acute infection such as fever or otalgia \[[@pone.0232839.ref002]\]. Studies indicate elevated hearing level thresholds between 10 and 20 kHz in children with a history of recurrent otitis media (ROM). Frequently, the tympanic membrane position is retracted with decreased mobility, opaque appearance and abnormal color \[[@pone.0232839.ref003], [@pone.0232839.ref004]\].

The high prevalence of the OM in early childhood decreases with age. Children younger than seven years old have an increased risk of OM due to their immaturity of the immune system and the function of the Eustachian tube, which ventilates the middle ear space and equalizes pressure with the external environment \[[@pone.0232839.ref005]\]. Several epidemiologic studies of OM in the EUA and Scandinavian countries have shown that this disease has a high incidence in infants and young children \[[@pone.0232839.ref006]--[@pone.0232839.ref008]\]. A group of researchers in Boston showed that 70% of all children had had at least one episode of acute otitis media and one third had experienced three or more episodes by three years of age \[[@pone.0232839.ref009]\]. More than 50% of Swedish children also have reported to suffer at least one episode of OM before the age of four, and about 5% suffer frequent recurrences. The highest incidence occurring between six and 24 months \[[@pone.0232839.ref010]\].

The most common treatment used for middle ear infection are antibiotics and tympanostomy with tube placement insertion \[[@pone.0232839.ref011], [@pone.0232839.ref012]\]. These treatments are able to normalize the function of the middle ear and allow improvements in hearing levels. However, children with ROM can show deficits in binaural hearing and auditory abilities even years after the OM has gone and pure-tone thresholds have returned to normal \[[@pone.0232839.ref013], [@pone.0232839.ref014]\]. In addition, longitudinal studies of auditory processing in children with prior OM indicate that the risk of CAPD increased with longer duration of the conductive hearing loss \[[@pone.0232839.ref015],[@pone.0232839.ref016]\].

Zumach et al. \[[@pone.0232839.ref017]\] have described the importance of central auditory processing (CAP) assessment, especially in children with a history of OM. The temporal processing is important for the listener to be able to understand speech in quiet and background noise, as speech stimuli and other background sounds vary time \[[@pone.0232839.ref018]\]. Some children with auditory difficulties, as a result of OM, can have difficulty in understanding the auditory stimuli over time which may hinder the acquisition of speech, language and reading. For example, studies have shown a correlation of the middle ear disease in children and temporal processing disorder \[[@pone.0232839.ref019],[@pone.0232839.ref020]\].

The influence of a history of OM in childhood on auditory evoked potentials (AEP) can be assessed by varied electrophysiological measures. Where the auditory brainstem response (ABR) has been used to examine synaptic events related to more peripheral sensory function, long latency evoked auditory potential (LLEAP) have been used to determine how physical acoustic energy translates into patterns of brain activity and contributes to perception in normal and hearing-impaired listeners.

The LLEAP reflects the neuroelectric activity of the thalamus and auditory cortex areas, which is related to the functions of discrimination, integration and attention. P300 is an endogenous LLEAP made up by a positive wave with post-stimulation latency of approximately 300ms indicative of activity in brain areas responsible for specific functions such as attention and memory \[[@pone.0232839.ref021]\].

The auditory deprivation, as a result of episodes of OM in childhood, compromises the normal development and maturation of the brainstem, mid-brain and cortical structures along the auditory pathway due to a lack of auditory experience \[[@pone.0232839.ref001]\]. Degraded auditory signals result in dys-synchronized activity at the auditory cortex, which is represented by small amplitudes on the LLEAP waves \[[@pone.0232839.ref015]\].

A number of animal studies also support that a lack of auditory experience can produce neural effects central to the cochlea \[[@pone.0232839.ref022],[@pone.0232839.ref023]\]. Correlations have also been demonstrated between changes in LLEAP and a history of OM \[[@pone.0232839.ref024]\].

Therefore, the purpose of this study was to investigate how the long-term auditory deprivation caused by episodes of otitis media in childhood affects two distinct populations of children: Australian versus Brazilian and how is this effect on the temporal processing and P300.

Materials and methods {#sec006}
=====================

Ethics statement {#sec007}
----------------

This retrospective and cross-sectional study carries approval from the Research Ethics Committee of State University of Campinas, under number 682/2010 and Human Research Ethics Committee of the Royal Victorian Eye & Ear Hospital under number 13/1117H. A written informed consent was obtained from all children's parents.

Data collection was completed by the author; in Brazil at the Audiology Laboratory of the Center for Studies and Research in Rehabilitation and in Australia at the University of Melbourne Audiology Clinic.

Participants {#sec008}
------------

A total of 68 children and adolescents aged from 8 to 14 years old at the time of assessment, male and female, participated. 34 participants were right-handed Brazilian-Portuguese native speakers and 34 were right-handed Australian-English native speaker.

Inclusion criteria for control and study groups included:

-   normal hearing and immitance at the time of assessment, defined as pure tone audiometry thresholds below 20 dBHL at 250 to 8000 Hz;

-   The immittance values consistent with normal middle ear function were type A tympanograms, with peak compliance within 0.3 to 1.3 mmhos at -100 to +20dPa pressure with the presence of 1kHz ipsi and contralateral acoustic reflexes in both ears at the time of assessment \[[@pone.0232839.ref025]\];

-   Both AusOM and BrOM had the additional inclusion criteria of a history of three episodes of OME with mild conductive hear loss in the first five years of life documented on the medical report;

Children with more than three episodes of OME, behavioural or neurological disorders and/or genetic syndromes (including those using psychoactive medications) or attending speech therapy were excluded from the sample.

The participants were divided into four groups:

-   The Brazilian OM group (BrOM) consisted of 20 children (11 males and 9 females, mean age 11.2 years old) who had a documented history of three episodes of OME between 2002 and 2008

-   Australian OM group (AusOM) consisted of 20 children (7 males and 13 females, mean age 10 years old) who had a documented history of three episodes of OME between 2002 and 2008

-   Brazilian control (BrControl) consisted of 14 children (4 males and 16 females, mean age 10.5 years old) with no documented history of otitis media by parents

-   Australian Control (AusControl) consisted of 14 children (7 males and 13 females, mean age 11.5 years old) with no documented history of otitis media by parents

Procedures and measures {#sec009}
-----------------------

All subjects completed the auditory temporal processing tests and P300. These behavioral tests were chosen because they have the advantage of being non-language based. The assessment was performed in one 90 minute session in a soundproof condition. All groups were tested by Affinity (Interacoustic) audiometer and TDH 39P headphones were used to deliver the temporal processing task stimuli. The P300 was collected using the Navpro © Biologic system. The audiometric devices were calibrated in both countries to avoid any possibility of influence in the results.

The temporal processing tasks were composed of two tests: Gaps-in-Noise (GIN) and Frequency Pattern Test (FPT).

### Gaps-in-noise {#sec010}

The GIN, developed by Musiek et al \[[@pone.0232839.ref026]\] consists of a series of 6-second segments of broad-band noise with 0 to 3 gaps embedded within each segment. The gaps vary in duration from 2-20ms. The gap-detection threshold is defined as the shortest gap duration correctly identified at least four out six times. The children were instructed to indicate each time they perceived a gap. The GIN test was presented monotically in the random order and measures temporal resolution ability.

### Frequency pattern test {#sec011}

The FPT, developed by Musiek \[[@pone.0232839.ref027]\] is composed of three 150-msec tones and 200-msec intertone intervals. The tones in each triplet are combinations of two sinusoids, 880 Hz and 1122 Hz, which are designated as low frequency (L) and a high frequency (H), respectively. Thus, there are six possible combinations of the three-tone sequence (LLH, LHL, LHH, HLH, HLL, and HHL). The subjects were instructed that they would hear sets of three consecutive tones that varied in pitch. The task of the subject was verbalising the frequency patterns (e.g., high-low-high, low-low-high). The FPT was presented monotically in the random order and verifies the temporal ordering ability. A percentage correct score per ear is determined.

These tests were applied by the same examiner in both countries to harmonize the results.

### P300 {#sec012}

The LLEAP evaluation was performed using P300.

The potential P300 was recorded with the active electrode positioned on the vertex (Cz), the reference electrodes on the ipsilateral mastoid and the ground electrode at the Fz position, according to the 10--20 system \[[@pone.0232839.ref028]\]. The right and left ears were assessed separately. The equipment utilizes two channels with a band pass filter of 1--30 Hz. The eliciting stimulus was delivered monaurally through the insertion of earphones at 75 dB HL. The infrequent target stimulus was a 2 kHz tone burst presented randomly with a probability of 20% and the frequent stimulus (non-target) was a 1 kHz tone burst presented with 80% probability (oddball paradigm). The stimulus rate was one stimulus per second, with a total of 300 sweeps. A 700 ms time window was used and the analysis was based on the numerical values of the latencies (ms) and amplitudes (μV). The P300 was identified as the positive deflection (250--500 ms) after the complex N1-P2-N2 \[[@pone.0232839.ref029],[@pone.0232839.ref030]\]. The participants were instructed to count the infrequent target tone and the examiner verifies, in the end, children´s performance by asking them how many infrequent targets were counted. Two researchers analyzed the P300 traces to avoid any influence on the results.

Statistical analyses {#sec013}
--------------------

Ear side and gender effects were included as interactions. Groups, gender and side were fixed variables. The responses of the two ears were compared in each group using ANOVA. The significance level was determined to be 5%.

Results {#sec014}
=======

The analysis showed the effects of otitis media on FPT, GIN and P300 for each country, compared to their own control group, and then responses between populations.

There were no significant differences between the two ears for the Australian and Brazilian groups for FPT, GIN and P300. Therefore, data from two ears were combined for further statistical analysis.

BrControl x BrOM {#sec015}
----------------

The statistical between groups showed significantly difference on temporal frequency pattern sequence test and GIN. As can be seen on and [Table 1](#pone.0232839.t001){ref-type="table"}. The OM group had poorer performance compared to control group.

10.1371/journal.pone.0232839.t001

###### Performance for FPT and GIN test based on Brazilian groups.

![](pone.0232839.t001){#pone.0232839.t001g}

  Tests            Ear    BrControl   Ear    Br OM   p-value   F value   Pr (\>F)                   
  ---------------- ------ ----------- ------ ------- --------- --------- ------------- ------------ -----------
  **FPT naming**   28\*   75.7%       22.1   40\*    40.8%     22.9      **\<0.001**   **85.938**   **0.000**
  **GIN**          28\*   4.35 ms     0.79   40\*    6.15 ms   1.59      **\<0.001**   **33.438**   **0**

The P300 responses showed significant longer mean latencies (22.2 ms, p = 0.02), compared to BrControls ([Fig 1](#pone.0232839.g001){ref-type="fig"}). There were no significant differences between BrOM and BrControls for amplitude (p\>0.05).

![Box plots shows the median, interquartile, and range of latency (ms) on P300 for both Brazilian groups.](pone.0232839.g001){#pone.0232839.g001}

AusControl x Aus OM {#sec016}
-------------------

[Table 2](#pone.0232839.t002){ref-type="table"} shows the descriptive statistics between Australian groups for FPT. The AusOM group showed lower results for FPT.

10.1371/journal.pone.0232839.t002

###### Performance for FPT and GIN based on Australian groups.

![](pone.0232839.t002){#pone.0232839.t002g}

  Tests            Ear    AusControl   Ear    Aus OM   p-value   F value   Pr (\>F)                 
  ---------------- ------ ------------ ------ -------- --------- --------- ----------- ------------ ------------
  **FPT naming**   28\*   87.6%        12.5   40\*     74.5%     24.2      **0.040**   **7.5218**   **0.0079**
  **GIN**          28\*   4.42 ms      0.53   40\*     4.52 ms   0.64      0.64        **0.275**    **0.602**

[Fig 2](#pone.0232839.g002){ref-type="fig"} reveals significant delayed latency on P300 (22 ms, p = 0.04) in the AusOM group compared to the AusControl. No statistical difference was found for amplitude between Australian groups.

![Box plots shows the median, interquartile, and range of latency (ms) on P300 for both Australian groups.](pone.0232839.g002){#pone.0232839.g002}

Brazilian versus Australian {#sec017}
---------------------------

The AusControl and BrControl groups showed no significant differences in behavioral responses and P300 measures (p\>0.05).

Significant differences were seen in [Table 3](#pone.0232839.t003){ref-type="table"} between countries. The BrOM group had significantly poorer performance for FPT and GIN compared to the AusOM group.

10.1371/journal.pone.0232839.t003

###### Performance on temporal processing tests based on Brazilian and Australian OM groups.

![](pone.0232839.t003){#pone.0232839.t003g}

  Tests            Ear    BrOM      Ear    AusOM   p-value   F value   Pr (\>F)                   
  ---------------- ------ --------- ------ ------- --------- --------- ------------- ------------ -----------
  **FPT naming**   40\*   40.8%     22.9   40\*    74.5%     24.2      **\<0.001**   **41.381**   **0.000**
  **GIN**          40\*   6.15 ms   1.59   40\*    4.52 ms   0.67      **\<0.001**   **32.598**   **0.000**

[Table 4](#pone.0232839.t004){ref-type="table"} shows the descriptive statistics between the two otitis media groups on P300 latency and amplitude measures. No significant differences were found between each other on P300 responses (p\>0.05).

10.1371/journal.pone.0232839.t004

###### P300 latency and amplitude results between Brazilian and Australian OM groups.

![](pone.0232839.t004){#pone.0232839.t004g}

  Wave                 BrOM   AusOM      p-value   F value   Pr (\>F)                                  
  -------------------- ------ ---------- --------- --------- ---------- ------ ----------- ----------- -----------
  **Latency (ms)**     40\*   338.6 ms   33.7      40\*      345.3 ms   31.5   **0.36**    **0.308**   **0.581**
  **Amplitude (μV)**   40\*   5.6        1.34      40\*      6.25       2.58   **0.090**   **0.906**   **0.344**

Discussion {#sec018}
==========

This study was undertaken to investigate the long-term auditory effects of middle ear disease on temporal processing tests and P300 in two different populations of children: Australian versus Brazilian. The children with reported history of OM from both countries demonstrated significantly longer latency on P300 measures and poorer performance on behavioral auditory responses. However, Brazilian OM group had significantly lower responses on FPT and increased responses on GIN compared to Australian children with the same disease.

Effects of OM on temporal processing in children {#sec019}
------------------------------------------------

Temporal processing can be defined as the perception of sound or the alteration of sound within a restricted or defined time domain. Temporal processing is divided into four different abilities: ordering, integration, masking and resolution and in this study, the abilities tested were ordering and resolution \[[@pone.0232839.ref031], [@pone.0232839.ref032]\]. Temporal ordering or sequencing refers to the processing of multiple auditory stimuli in their order of occurrence. This phenomenon has been extensively investigated because of its importance in speech perception. Temporal discrimination or resolution refers to the shortest time in which a person can discriminate between two auditory signals \[[@pone.0232839.ref031]\].

Several studies have suggested that the temporal processing is a key factor to developing and understanding speech \[[@pone.0232839.ref031], [@pone.0232839.ref033], [@pone.0232839.ref034]\]. Previous research has also reported that children with a history of recurrent OME demonstrate speech and language deficits \[[@pone.0232839.ref035], [@pone.0232839.ref036]\]. The results of temporal processing tests in both Australian and Brazilian children showed that the temporal ordering ability was significantly lower in children with a history of OM compared to controls (Tables [1](#pone.0232839.t001){ref-type="table"} and [2](#pone.0232839.t002){ref-type="table"}). The temporal resolution ability also showed lower thresholds only in the Brazilian OM group. This is consistent with recent studies, which have demonstrated the effect of OM on auditory temporal processing in children \[[@pone.0232839.ref019], [@pone.0232839.ref020], [@pone.0232839.ref037]\]. Similarly, in animal studies, it was shown that 5--8 months of continuous bilateral ear plugging in ferrets resulted in a substantial aggravation of temporal resolution ability \[[@pone.0232839.ref038]\]. However, Hartley et al. \[[@pone.0232839.ref039]\] investigated the impact of otitis media with effusion (OME) in children and found no difference on temporal resolution ability in children with and without OME. It was noted that the cohort in the study did not have enough episodes of OME to cause auditory deprivation, which may explain why a temporal hearing deficit was not identified. Thus, reduced temporal abilities of children with a history of OM are suggested to be consequences of auditory deprivation as a result of repeated periods of hearing loss.

Effects of OM on P300 in children {#sec020}
---------------------------------

The LLAEP test is becoming an important and widespread clinical tool for the assessment of human cognition. The P300 waveform of children with suspected attention impairments can be compared against normative latency values to quantify the amount of dysfunction \[[@pone.0232839.ref040]\].

Children with a history of OM tend to have fluctuating hearing sensitivity during the first few years of life, which is the same period that auditory brainstem and cortical structures show the greatest development \[[@pone.0232839.ref041]\]. An early history of OM in children has been associated with a number of sensory, attention and social difficulties that are suggestive of changed brain function \[[@pone.0232839.ref042]\]. Previous studies have described P300 delays in children with learning or attention difficulties \[[@pone.0232839.ref040], [@pone.0232839.ref043]\]. There is some evidence to indicate that early onset OM and consequent reduced auditory input affects the latency at cortical potentials \[[@pone.0232839.ref001]\]. However, only one study was found which have investigated the effect of OM on P300. Shaffer \[[@pone.0232839.ref024]\] analyzed the responses of P300 in 36 children with minimal history of OM, children with a more significant history of OM and individuals with active OM. The author did not identify P300 responses in children and justified this finding due to the short time window used (500 ms). These findings are not consistent with the current study, which showed significant differences in P300 latency in both BrOM and AusOM groups (Figs [1](#pone.0232839.g001){ref-type="fig"} and [2](#pone.0232839.g002){ref-type="fig"}) compared to controls. The association of OM on P300 may be explained by the fact that during the OM period the auditory cortex receives reduced auditory input from the brainstem, which, as consequence, effects the auditory processing at the cortical level. Yao & Sanes \[[@pone.0232839.ref044]\] telemetrically recorded from auditory cortex neurons in gerbils reared with developmental conductive hearing loss while they performed an auditory task in which rapid fluctuations in amplitude are detected. The authors compared the responses of auditory brainstem temporal processing from each animal. The study found that developmental HL decrease behavioural performance, but did not alter brainstem temporal processing. Therefore, the simultaneous assessment of neural and behavioural processing revealed that perceptual deficits were associated with a degraded cortical population code that could be explained by greater trial-to-trial response variability.

Effects of OM between Australian and Brazilian children {#sec021}
-------------------------------------------------------

The high prevalence of OM, difficulties in diagnosis and variations in management increases the likelihood of conductive hearing loss, and its potential impact on language, cognition and auditory abilities \[[@pone.0232839.ref045]\].

The results between Australia and Brazil controls showed no significant differences on behavioral responses or P300 latencies. These results demonstrated that children with no history of otitis media had the same responses, despite the difference in social and economic aspects between the two countries.

The P300 latency and amplitude measures showed no significant differences between Brazilian OM and Australian OM groups, which means that both otitis media group were equally affected. Thus, the auditory cortex was affected by the recurrent episodes of otitis media across populations.

A significant difference was observed on temporal processing tests between the two cohorts for the otitis media groups. The Brazilian children had significantly poorer performance on FPT and GIN compared to the Australian children ([Table 3](#pone.0232839.t003){ref-type="table"}).

These results may be explained by the socio-economic levels between Brazil and Australia. There is evidence that low social-economic status increases the severity of OM \[[@pone.0232839.ref046]\].

The [Human Development Index](https://en.wikipedia.org/wiki/Human_Development_Index) (HDI) is a composite statistic of [life expectancy](https://en.wikipedia.org/wiki/Life_expectancy), [education](https://en.wikipedia.org/wiki/Education), and [income per capita](https://en.wikipedia.org/wiki/Income_per_capita) indicators. A country scores higher HDI when the life expectancy at birth is longer, the education period is longer, and the income per capita is higher. The latest report was launched in 2019 and showing Australia in sixth place and Brazil in 79th place \[[@pone.0232839.ref047]\]. Ruben \[[@pone.0232839.ref048]\] has found that 60% of children with OM and low social-economic level had hearing and learning difficulties.

The treatment of OM can differ worldwide. The use of antibiotics produces improvement in short term, but does not influence the course of the disease in a long-term.

The Brazilian and Australian OM group had the same number of episodes of OM. Despite the same inclusion criteria, a possible explanation for the poorer performance on temporal processing tests in Brazilian OM children is that the period to start clinical treatments with medication in Brazil could be longer due to the long waiting lists that public services usually have. Therefore, this can prolong the length of time of the fluid on the middle ear and reduce auditory input. Families of a lower social level may have diminished access to appropriate health services and immunization \[[@pone.0232839.ref049],[@pone.0232839.ref050]\].

Limitations and future research {#sec022}
-------------------------------

The length of time of each period of OM was not collected. Therefore, it was not possible to analyze the correlation of duration of OM on temporal processing and P300. Despite of this limitation, our results corroborated to previous studies in the literature, which demonstrated that a history of otitis media affects behavioral and electrophysiological responses. Further studies may also include the length of time of each period of OM and the length of time to start the medical approaches.

Conclusion {#sec023}
==========

These findings support that the effects of otitis media on the underlying mechanisms on temporal ordering processing occurs across populations. However, a significantly greater impact in temporal tests is observed on the Brazilian cohort. This could suggest that different culture and/or time of medical approaches to treat otitis media may have implications on the severity of the auditory temporal deficit observed. In addition, P300 appears to be sensitive for the deprivation effects of otitis media once both OM groups had longer latencies compared with those children without middle ear disease.

Early identification and careful clinical follow-up of children with a history of OM is indicated for successful management of this disorder in order to contribute for the maturity of the central auditory nervous system.
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This answer also is attached as response to reviewers in attach files.

The manuscript was fully revised by an English native speaker and the changes were highlighted in yellow.

Below is the answer for each comment in bold and the number of the pages of each change in the manuscript:

Editor Comments:

1\. Material and Methods L.124: Were the two cohorts, from Brazil and Australia, age-matched?

Yes, the age matched. The mean age of each group was described in the lines 142, 145, 148 and 151.

2\. L.134: A definition of Recurrent Otitis Media must be clearly depicted. The text is not clear in separating infectious acute otitis media (AOM) and non-infectious otitis media with effusion (OME). AOM can cause inner disfunction through middle ear/inner ear interactions, via bacterial toxins. Could this occurrence influence the results?

A definition of OME was described in the Introduction: line 58. When we described children with Recorrent Otitis Media we wanted to highlight the number of episodes, but all these children had OME. In order to provide a better understanding we replaced ROM for OME. Line 135.

3\. L158: Were the audiologic tests carried out in similar conditions and with equal audiometric devices. Calibrations could have influenced the outcomes?

We were very concerned about the devices calibration in both countries. The tests were applied by the same type of audiometric devices and ear phones to avoid any possibility of influence in the results. This information was included in the lines 156, 157, 159 and 160.

4\. Sometimes the scores reported in this type of central processing exams are examiner-dependent. Could the authors clarify how they did to harmonize the results from both centers?

In both centers the GIN test and FPT were applied by the same examiner to harmonize the results. This information was written in the lines 180 and 181.

5\. L.228/9 It is confusing: No significant differences in behavioural responses for P300 were found and this is followed by a p\<0.05.

We wrongly written "for" and "p\<0.05" instead of "and" and "p\>0.05". The correct sentence was rewritten in the line 233.

6\. L237/8: the same as above (L.228/9) applies.

The symbol "\<" was changed to "\>" in the Line 242.

7\. L.272: elevation means aggravation? (Seems a literal translation)

This change was made. Line 271.

8\. L.275/8: How is "severe" OME defined. Is it worse to have intermittent OME than persistent OME in respect to auditory deprivation?

The term "severe" means how many episodes of OME the children had. In the article cited the author suggested that the cohort study did not have enough episodes to cause auditory deprivation and reduce temporal abilities. The sentence was rewritten in the lines 274 and 275.

9\. L.294: found means finding?

We wrongly written the word "found" instead of "finding". The correct sentence was rewritten in the line 293.

10\. L.300: temetrically?

The correct word is telemetrically. Is was rewritten in the line 299.

11\. L.317/8 correct gramar

The gramar was corrected in the line 317.

12\. L.332 correct gramar

The gramar was corrected in the line 331.

13\. L.337: queues mean waiting lists?

Yes. We replace the word queues for waiting lists in the line 336.

14\. L. 342/2 correct gramar

The gramar was corrected. Lines 341 to 346.

15\. Ref \#7 Author name must be revised

The Author name was corrected.

16\. Ref \#19 is incomplete

The reference 19 was corrected.

17\. Ref \#38 the journal reference is correct?

Yes, it is corrected. Now ir Ref \#39

18\. Ref \#43 seems an unpublished information

This reference was removed.

19\. Ref \#46 is the only one with et al. Was it borrowed from elsewhere?

This article has more than 6 authors. So after the sixth author we wrote et al.

20\. Ref \#47 the url is missing

This reference has been updated and rewritten.

Journal requirements:

All journal requirements were made.
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Dear Dr. Borges,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Jorge Spratley, MD, PhD

Academic Editor
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Dear Dr. Borges:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Professor Jorge Spratley

Academic Editor
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